Design-Case-control study asking detailed questions on exposure to domestic birds and other pets, smoking, and various demographic and potentially confounding variables.
Setting-District general hospital; current admissions interviewed in hospital or recent admissions interviewed at home.
Patients-143 patients with lung cancer, 143 controls with heart disease, and 143 controls with orthopaedic conditions individually matched for age, sex, date of admission, and current or past admission.
Main outcome measures-Odds ratios for lung cancer in relation to various aspects of bird keeping, after adjustment for smoking and other relevant confounding variables.
Results-Risk of lung cancer was not significantly associated with household exposure to pet birds at any time or at various specific periods in life, or to keeping large numbers of birds. For specific types of birds no association was seen for living in households with budgerigars or canaries but risk was significantly associated with keeping pigeons (odds ratio 3 53, 95% confidence interval 1*56 to 7*98). This remained significant after regression analysis to account for confounding variables (3 9, 1-2 to 12.62) in both sexes and all age groups.
Conclusion-Bird keeping may confer some risk of lung cancer but the relation is not as strong as previously reported.
Introduction
In 1988 Holst et al described results of studies suggesting a strong relation between bird keeping and risk of lung cancer.)2An early study in his general practice in the Netherlands found that newly diagnosed malignant tumours in patients aged 30 or more were more common in those who had kept pet birds five to 14 years before diagnosis than in those who had not. Of 12 lung tumours seen, seven were in bird keepers; the expected number was 3 2 (p<005). After a small study showing a clear relation between the concentration of suspended particles of 3 p1g diameter or more and presence of birds in the home, Holst conducted a case-control study in four hospitals in the Hague studying 49 patients with lung cancer and 98 age and sex matched controls from general practice. After adjustment for confounding variables, bird keepers were found to have a 6-7 times increased risk of lung cancer (95% confidence interval 2-2 to 20). The increase was similar for keepers of all types of birds and all histological types of lung cancer.
The Netherlands has a high rate of lung cancer and bird keeping, and Hoist estimated that had no one in the Hague kept birds the total incidence of lung cancer would have been almost three times lower. He recom-BMJ VOLUME 305mended further, larger, epidemiological studies be within six months of the case. In all, 111 triads were undertaken. We describe results of a hospital based matched for place of interview (56 at home, 55 in case-control study conducted in Lanarkshire, Scotland, hospital). We defined the 106 triads matched for all which also has a high rate of lung cancer and bird four of the original criteria as good quality and the 37 keeping.
matched for fewer as bad quality. Diagnosis of lung cancer was histologically confirmed in 127 of the 143 cases (89%), the other 16 cases all Subjects and methods showing convincing clinical evidence. The source of Patients with lung cancer (ICD 162) were individually the specimen was resection or necropsy in 29 cases, matched with two controls, one admitted to hospital biopsy in 86, and aspiration in 12, and the distribution with heart disease (ICD 410-414) and the other with an of histological type was squamous cell 66, small cell 29, orthopaedic condition. We used two controls to adenocarcinoma 12, large cell 16, and other or unspecieliminate the possibility of bias that might arise if the fied 4. The mean age of the cases (65 4 years) was control disease was also associated with bird keeping. slightly older than that of the heart disease controls The intention was to match for sex, age at admission (65-0, p=0 049) and orthopaedic controls (64-9, (within five years), date of admission (within six p=0-012). More cases (53/143) than controls (44/286; months), and admission status or place of interview. A p < 0 00 1) had died by the time of interview and so had case and matched controls were all either currently information supplied by a spouse or other next of kin. admitted (June 1990 to February 1992 and interviewed Seventy one cases (50%) compared with 19 controls in Monklands District General Hospital or admitted in (7%) were interviewed by AJSG. The remainder were the past two years (mainly during September 1988 to interviewed by medical secretaries. July 1989) and interviewed at home. Exceptionally, A higher proportion of cases than controls had ever when a patient with lung cancer was interviewed in smoked (97% (138) v 78% (223); p<0 001) or were hospital and no matching control was available in current smokers at the time of admission (68% (97) v hospital after some months, an otherwise suitable 40%(115); p <0 001). Because smokingwas associated recently discharged patient was interviewed at home with several other risk factors (occupational exposure and used as the control. All patients came from the to dust or fumes, alcohol consumption, eating same catchment area, Monklands district (population fried food, reduced consumption of fruit and green 220 000). The intention was to study about three times vegetables) we decided generally to adjust for smoking the number of lung cancer cases considered by Holst to status in subsequent analyses. For certain questionsallow a more precise estimation of risks associated with particularly on diet and to some extent on bird bird keeping.
keeping-systematic differences between responses
Interviews were conducted with the subject, if for the different interviewers emerged, so we also available, or with the next of kin by one of three adjusted for interviewer. Because adjustment for interviewers. For every period of at least a year when respondent had little effect in analysis once interviewer the subject lived where domestic birds were kept data and smoking had been adjusted for, analyses were not were collected on the subject's age, the types and adjusted additionally for respondent. budgerigars, canaries, finches, or members of the parrot family. There was, however, a significantly increased risk associated with keeping pigeons (odds Results ratio 3 53, 950% confidence interval 1-56 to 7 98). Other We interviewed 452 subjects. Ten subjects were bird related variables were not different between cases rejected (questionnaire inadequately completed, pro-and controls except for working in greenhouse hortivisional diagnosis of lung cancer incorrect, same culture with chicken manure, although the odds ratio person reinterviewed in error). To try to minimise loss (20 0) had a wide confidence interval (3 35 to 119) as so of information from patients matched with the controls few subjects had done this work. whose interviews were rejected we reallocated such For the more common responses Table I also gives patients into new matched sets. In the end 143 triads odds ratios for comparison of cases with each control (one case, one control of each type) were formed, group. Generally results were similar and additional keeping to the initial matching criteria as far as analysis (results not shown) showed that there was no possible. All triads were matched for sex (104 men, 39 significant difference between the two control groups women), and age (except for one triad in which the for any of the indices of bird keeping. The increased orthopaedic control was seven years older than the odds ratio in relation to pigeon keeping was seen with case), and all but nine controls had been admitted both heart disease controls (2-77, 95% confidence (table II) showed the no evidence of such a strong relation. For the period increased risk associated with keeping a pigeon was five to 14 years before diagnosis, the odds ratio for bird evident in subgroups of the population by sex, age, keeping was positive (1 58) but the 95% confidence triad quality, interviewer, respondent, smoking habits, interval of 0-82 to 3-05 was inconsistent with a relative and histological type of lung cancer. Only for histological type, where the relation was much stronger TABLE itt-Results ofnmatched conditional logisti'c regression analysis risk as high as 6 7. Nor was there any significant relation with keeping birds at other times, keeping large numbers of birds at any time, or keeping budgerigars, canaries, finches, or parrots. However, a significant relation with keeping pigeons at any time was noted (odds ratio 3 90, 1 20 to 12-60), which was consistently seen in various subsets of the data and was not explained by confounding.
Differences between our findings and Hoist's could not be explained by Holst restricting attention to subjects aged less than 65, since restricting analysis to this age group in our study did not change our findings (ever kept birds, odds ratio 1-03 (0 69 to 1 53); kept birds 5-14 years before admission, 1 05 (0 53 to 2 08); ever kept pigeons, 3 45 (1 14 to 10 65)). Holst used general practice controls whereas we used hospital controls, but the similarity of results for our two control groups suggests that this has not significantly affected our results. We do not believe that adjustment for different confounding variables could explain the discrepant results. Though in both studies such adjustment had some effect, the effect was much smaller than the difference in findings between the studies. Holst used a self administered questionnaire, whereas we used interviewers. Though this might have affected data quality it seems unlikely it could explain our differing results. Of more concern is the fact that in our study, for practical reasons, one of the interviewers (AJSG) interviewed most of the cases in his unit and controls were interviewed by medical secretaries; perhaps partly because subjects react differently to being interviewed by medical secretaries than by a consultant responses varied by interviewer. However, since interviewer was taken account of in the analysis bias should not have occurred.
PATTERNS OF BIRD KEEPIN(G
Comparison of our results with those of Holst showed that in Scotland the proportion of budgerigars was much higher than in the Netherlands. However, the four main types of birds kept were the same and it seems unlikely that this could explain the differences in our results. Differences between the countries where birds are kept and how hygienically they were kept may have contributed to differences. We have no direct comparative data but Holst refers to birds being kept in the bedroom-reported by only two subjects in our study-and discusses the possibility that the increased risk may be reduced by better hygiene.2 The fact that buildings in the Netherlands tend to be more draught proof with a lower intake of fresh air than in Scotland might help to explain the difference, although levels of particulates in bird keepers' homes have not been compared in the two countries. Nevertheless, in our study increased risk was noted only for pigeon keeping and pigeons were always kept outside the house. TRUE 
RISK
The possibility that chance contributed to the difference between the results of the two studies deserves comment. Although the confidence limits for bird keeping 5-14 years before interview in Holst'.s study (2 20 to 20-1) and our study (0-82 to 3 05) are significantly different, which at first seems to argue against chance, Holst notes the relative risk was considerably less for other periods. It may be that any true effect is more modest, having been overestimated by Holst and perhaps underestimated in our study. Further studies are needed to resolve this. Such studies would also guard against the relation we found with pigeon keeping having arisen by chance because of the large number of case-control comparisons conducted.
We could not confirm the large increased risk of lung cancer for bird keeping reported by Holst. However, we did find a significant association with pigeon keeping, and it remains possible that bird keeping confers some risk of lung cancer. Further research is needed to clarify this issue. It has been suggested that cottagers might be induced to make filters for themselves out of flower-pots, "polarite," and sand, in order to guard against poisoning by impure water. The immediate cause of this suggestion, in its present form, seems to have been an inquest upon a child whose death was shown to have been due to the impurity of the water supply at the cottage where it lived. According to a contemporary the county analyst for Cheshire, Mr. Bell, in commenting on the case, stated that he could not see why every cottager should not have a flower-pot filter at his door, since the total cost would be but a few pence, magnetic oxide of iron or "polarite" being purchaseable at about one penny per pound; he is reported to have added that he had made some experiments which went to show that the purifying power of a mixture of sand and "polarite" was very satisfactory. Whatever may be the virtues of this substance, and however useful the suggestion, the great difficulty is to get the ordinary cottager to purchase the former, and to carry out the latter. Anyone having even a superficial acquaintance with cottagers will probably admit that, as a rule, they can hardly be depended upon to take the trouble to make an apparatus even so simple as the one suggested for any such purpose as the one in view, nor to take the trouble to use it if it were made for them. The flower-pot filter is no new thing. A description of it is to be found in the Family Friend for the year 1850, the materials used being sand and charcoal, and the objections which could be brought against these apply equally to the mixture now recommended. The great difficulty in the way of domestic filtration of water is the uncertainty which attaches to the time during which the filtering materials will act efficiently; this depends, of course, on a variety of circumstances, such as the nature and condition of the materials, the closeness of the packing, the degree of pollution of the water, the rate of filtration, and so forth. Some good may doubtless be done by endeavouring to get such a suggestion carried out, but to try to counteract the evil of polluted water in villages by a flower-pot filter scheme is to begin at the wrong end, and may amount to a misapplication of energy. Nevertheless, we freely admit that, as a temporary expedient, it may be recommended. (BMJ 1892; ii; :477) 
